keys presented a chronic motor syndrome resembling
the situation in PD patients. We here show that unilateral apomorphine, indicating a decreased dopamine receptor supersensitivity in the transplanted striatum. Apocarotid body autotransplants induced a clear amelioramorphine-induced rotations were already observed in tion of the global parkinsonism of MPTP monkeys with monkey CYN-1 2 weeks after grafting and were mainmarked improvement of the motor abilities on the contained throughout the survival period. This behavioral tralateral side of the graft. Functional recovery was parpattern was so pronounced that the animal was not able alleled by survival of glomus cells in the striatum and to move around the cage in any direction except to ipsilateral reinnervation of large regions of the putamen the left side, so it often remained still in order to avoid and the caudate nucleus.
turning.
Monkey CYN-2 received carotid body grafts into the Results left putamen and one injection of Tyrode solution into the right side to test for possible nonspecific effects Behavioral Recovery of Parkinsonian Monkeys
induced by the surgical procedure. In this animal, the After chronic administration of MPTP, the monkeys debeneficial effects of the grafts, observed after the first veloped a severe bilateral parkinsonism, which conmonth, started more slowly than in monkey CYN-1, sisted of loss of spontaneous activity, bradykinesia, probably because it had a more severe parkinsonian impairment of balance, postural tremor, and freezing syndrome (Table 1) . Amelioration of parkinsonism was (see supplemental movies at http://www.neuron.org/ characterized by enhanced spontaneous activity, imcgi/content/full/22/4/743/DC1) (Langston et al., 1984;  proved balance, and reduction of contralateral bradyki-Pé rez-Otañ o et al., 1991). In monkey CYN-1, which had nesia, which was evidenced by more skillful movements received carotid body grafts into the left putamen, a of the right hand such as the preference of the animal marked decrease of parkinsonian features was obto use it when reaching for food. At the end of the served on the side contralateral to the implant 2 weeks experimental period (3 months after transplantation), the after grafting. Tremor was the first sign to ameliorate disability score of monkey CYN-2 was reduced by 40% followed by a slow but significant improvement of the (Table 1 ). The evolution of fine motor tasks could not bradykinesia in the contralateral limbs. In addition, the be studied in monkey CYN-2 because it had not been severity of parkinsonism clearly improved as evidenced trained before becoming parkinsonian. However, like by increased spontaneous activity and better maintein monkey CYN-1, injections of apomorphine elicited nance of posture and execution of movements. Maximal systematically, beginning the first month after the transrecovery was observed 2 months after grafting and replant, a circling behavior to the left side suggesting an mained stable during the survival time (5 months). Disasymmetrical striatal sensitivity to dopamine. Apomorability score was reduced by 50% (Table 1) . The most phine injections induced in both monkeys abnormal obvious consequences of carotid body implants into the movements (dyskinesias) consisting of rapid and stereoleft putamen were the appearance of behavioral signs typed flexo-extensions of the knee, which can be attribindicative of asymmetric striatal dopamine function. Beuted to the persistence of dopamine receptor supersenfore becoming parkinsonian, monkey CYN-1 had been sitivity in the denervated, nongrafted striatum (Boyce et trained to perform a fine motor task (see Experimental al., 1990; Luquin et al., 1992). Procedures), which was executed by each hand at approximately the same speed (2.5 s total time to perform Survival of Grafted Glomus Cells the task) and with a similar percentage of successful and Striatal Reinnervation trials (Ͼ90%). MPTP treatment resulted in a marked Histological studies were done in brain sections stained bilateral increase in the number of failures and in the either with thionine, for precise cytoarchitectonic localtime spent performing the task. After implantation of ization of the needle tracts, or using an anti-TH antibody, carotid body cells into the left putamen, the ability to to specifically identify dopaminergic cells and fibers. perform the task with the contralateral (right) hand was Figure 1A (left and right) shows photographs at low magpartially recovered. This was manifested by faster movenification of brain coronal sections at the caudal level ments and, more importantly, by an increase in the numof the putamen stained with thionine. The images illusber of successful trials (see Table 1 ). Another sign of trate the symmetrical location of the carotid body graft, striatal function asymmetry was the appearance of cirnear the center of the putamen (left), and the scar produced by the needle tract and Tyrode solution injection cling behavior to the left side after administration of Table 1 ). In addition, apomorphine (0.1 mg/kg, i.m.) was Experimental Procedures also given every 2 weeks to test the appearance of circling behavior as a consequence of decreased dopamine receptor supersensitivity Animals Two Cynomolgus monkeys (Macaca fascicularis), CYN-1 and CYN-2, in the grafted striatum. After carotid body grafting, evaluations were were used in these experiments. Animals were housed in a room undertaken every other week. The disability scores given in Table under standard conditions of humidity (50%), air exchange (16 l/min), 1 are average values of five evaluations done during the last 2 weeks and dark/light cycles (8 a.m. to 8 p.m.). They were fed fresh fruit before transplantation (before graft) and sacrifice (after graft). All and commercial pellets and had free access to water. Both animals the evaluation sessions were recorded on standardized video tapes. were rendered parkinsonian by weekly intravenous injections of the neurotoxin 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) Histology (0.5-1 mg/kg, total MPTP dose 16.6 and 14.3 mg) for 10 consecutive At the end of the experimental period (5 and 3 months after grafting months. Marked reduction of spontaneous activity, bilateral action for CYN-1 and CYN-2, respectively), animals were transcardially tremor, and posture and balance impairment were the most promiperfused with 4% paraformaldehyde in PB. The brains were postnent features observed after concluding MPTP exposure. To avoid fixed overnight in the same fixative at 4ЊC and then immersed in the possibility that spontaneous recovery, which usually occurs after 30% sucrose in PBS until brain dissection. Coronal sections, 30 m MPTP administration, could resemble the behavioral effect of cathick, were cut on a freezing microtome and collected in PB. Tissue rotid body grafting, animals were allowed to recover from the last sections were incubated in PB with Triton X-100 (0.3%) and normal MPTP dose for at least 3 months prior to transplantation (see Table  sheep 
